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(54) COMPOSITE THIN-FILM MAGNETIC HEAD AND 
MAGNETIC DISK APPARATUS 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a composite 
thin-film magnetic head by which a magnetic 
recording signal is reproduced satisfactorily, which 
reduces the generation of a waveform distortion, a 
noise or the like and whose reliability is high, and 
to obtain a magnetic disk apparatus. 

SOLUTION: This composite thin-film magnetic head 
is provided with a base material 1, a 
magneto resistance effect head in which a 
magnetoresistance effect sensor 19 is installed, 
inductive heads 6, 7, 9, 10 which are constituted by 
laminating thin films on the upper part of the head, 
and a protective film 11. And also, the magnetic 
head is provided with a magnetoresistance effect 
sensor 19 whose length as a direction 
perpendicular to a face facing a recording medium is 
at 0.5 to 1 i^m, and protective film 11 whose length 
as a direction perpendicular to the face facing the 



recording medium is at 200 to 300 u.m and whose 
film thickness is at 10 to 20 u.m. 
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(54) COMPOSITE THIN-FILM MAGNETIC HEAD AND MAGNETIC DISK APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a composite thin-film magnetic 
head by which a magnetic recording signal is reproduced satisfactorily, 
which reduces the generation of a waveform distortion, a noise or the like 



and whose reliability is high, and to obtain a magnetic disk apparatus. 
SOLUTION: This composite thin-film magnetic head is provided with a 
base material 1, a magnetoresistance effect head in which a 
magnetoresistance effect sensor 19 is installed, inductive heads 6, 7, 9, 10 
which are constituted by laminating thin films on the upper part of the 
head, and a protective film 11. And also, the magnetic head is provided 
with a magnetoresistance effect sensor 19 whose length as a direction 
perpendicular to a face facing a recording medium is at 0.5 to 1 (im, and 
protective film 1 1 whose length as a direction perpendicular to the face 
facing the recording medium is at 200 to 300 |im and whose film thickness 
is at 10 to 20 |iim. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The compound-die thin film magnetic head which has the protective coat which protects the inductive head 
constituted by carrying out the laminating of the thin film to the upper part of the base material characterized by 
providing the following, the magnetoresistance-effect type head in which the magnetoresistance-effect sensor was 
formed, and this magnetoresistance-effect type head, and this inductive head. The aforementioned magnetoresistance- 
effect sensor by which length which serves as a perpendicular direction to the field which counters a record medium 
was set to 0.5-1 micrometer. The aforementioned protective coat by which length which serves as a perpendicular 
direction to the field which counters a record medium was set to 200-300 micrometers, and the thickness was set to 10- 
20 micrometers. 

[Claim 2] The compound-die thin film magnetic head characterized by using the aforementioned protective coat as an 
alumina in a thing according to claim 1 . 

[Claim 3] The compound-die thin film magnetic head which has the inductive head constituted by carrying out the 
laminating of the thin film to the upper part of the base material characterized by providing the following, the 
magnetoresistance-effect type head in which the magnetoresistance-effect sensor was formed, and this 
magnetoresistance-effect type head. The aforementioned magnetoresistance-effect sensor by which length which 
serves as a perpendicular direction to the field which counters a record medium was considered as 1 micrometer of 
abbreviation. The aforementioned protective coat by which length which serves as a perpendicular direction to the field 
which protects the aforementioned inductive head and counters a record medium was considered as 300 micrometers 
of abbreviation, and the thickness was set to 10-20 micrometers. 

[Claim 4] The magnetic disk unit which has the record medium of the shape of a disk characterized by providing the 
following, and the compound-die thin film magnetic head which counters the recording surface of the aforementioned 
record medium and performs record of a magnetic signal, and reproduction. The magnetoresistance-effect sensor by 
which length which serves as the reproducing head of the aforementioned compound-die thin film magnetic head, and 
serves as a perpendicular direction to the field which counters the aforementioned record medium was set to 0.5-1 
micrometer. The inductive head with which it became the recording head of the aforementioned compound-die thin 
film magnetic head, and the thickness was set to 9-12 micrometers. The protective coat by which length which serves 
as a perpendicular direction to the field which protects the aforementioned inductive head and counters a record 
medium was set to 200-300 micrometers, and the thickness was set to 10-20 micrometers. 

[Claim 5] The magnetic disk unit characterized by using the aforementioned protective coat as an alumina in a thing 
according to claim 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is suitable to raise especially reliability about the thin 
film magnetic head and the magnetic disk unit of a compound die which are reproduced with a magnetoresistance- 
effect type head by the inductive head using the electromagnetic induction of a coil performing record. 
[0002] 

[Description of the Prior Art] In order to set internal stress of the protective coat of the thin film magnetic head to 0 as 
a whole, to form a head element substrate without curvature and to raise magnetic properties conventionally, carrying 
out the multiple-times laminating of an alumina with compressive intrinsic stress and the silicon with the intrinsic 
stress of tension by turns is known, for example, it is indicated by JP,5-012625,A. 
[0003] 

[Problem(s) to be Solved by the Invention] With the above-mentioned conventional technology, since the multiple- 
times laminating of the film with which a kind is different was carried out by turns, a serious man day not only starts, 
but in the case of the thin film magnetic head of the compound die which performs reproduction with a 
magnetoresistance-effect type head, a reproduction error, a noise, etc. of a magnetic-recording signal occurred, and 
there was a possibility of spoiling reliability. 

[0004] The purpose of this invention solves the above-mentioned technical problem, and reproduction of a magnetic- 
recording signal is good and is to offer the reliable compound-die thin film magnetic head and the reliable magnetic 
disk unit aiming at reduction of generating, such as waveform distortion and a noise. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, In the compound-die thin film 
magnetic head which has the protective coat which protects the inductive head constituted when this invention carried 
out the laminating of the thin film to the upper part of base material, the magnetoresistance-effect type head in which 
the magnetoresistance-effect sensor was formed, and this magnetoresistance-effect type head, and this inductive head It 
has the protective coat by which length from which the length which serves as a perpendicular direction to the field 
which counters a record medium serves as a perpendicular direction to the magnetoresistance-effect sensor set to 0.5-1 
micrometer and the field which counters a record medium was set to 200-300 micrometers, and the thickness was set to 
10-20 micrometers. 

[0006] Since intrinsic stress of a protective coat can be made small by this while protecting an inductive head enough, 
the influence of the magnetic properties on a magnetoresistance-effect type head can be disregarded, generating of the 
reproduction error of a magnetic-recording signal, a noise, etc. can be reduced, and reliability can be improved. 
[0007] Moreover, in the above-mentioned thing, it is desirable to use a protective coat as an alumina. 
[0008] Furthermore, this invention is set to the compound-die thin film magnetic head which has the inductive head 
constituted by carrying out the laminating of the thin film to the upper part of base material, the magnetoresistance- 
effect type head in which the magnetoresistance-effect sensor was formed, and this magnetoresistance-effect type head. 
The magnetoresistance-effect sensor by which length which serves as a perpendicular direction to the field which 
counters a record medium was considered as 1 micrometer of abbreviation, It has the protective coat by which length 
which serves as a perpendicular direction to the field which protects an inductive head and counters a record medium 
was considered as 300 micrometers of abbreviation, and the thickness was set to 10-20 micrometers. 
[0009] Since the magnetoresistance-effect sensor which constitutes a magnetoresistance-effect type head is considered 
as 1 micrometer of abbreviation by this, while a sufficiently big output is obtained, an inductive head is protected and 
influence of the stress to a magnetoresistance-effect type head can be made small. 

[0010] Furthermore, this invention is set to the magnetic disk unit which has a disk-like record medium and the 
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compound-die thin film magnetic head which counters the recording surface of the aforementioned record medium and 
performs record of a magnetic signal, and reproduction. The magnetoresistance-effect sensor by which length which 
serves as the reproducing head of the compound-die thin film magnetic head, and serves as a perpendicular direction to 
the field which counters a record medium was set to 0.5-1 micrometer, The inductive head with which it became the 
recording head of the compound-die thin film magnetic head, and the thickness was set to 9-12 micrometers, It has the 
protective coat by which length which serves as a perpendicular direction to the field which protects an inductive head 
and counters a record medium was set to 200-300 micrometers, and the thickness was set to 10-20 micrometers. 
[001 1] Furthermore, in the above-mentioned thing, it is desirable to use a protective coat as an alumina. 
[0012] 

[Embodiments of the Invention] Hereafter, the form of 1 operation of this invention is explained with reference to 
drawing. It follows on high recording density-ization of a magnetic disk unit, and the thin film magnetic head comes to 
be used for the magnetic head which records magnetic recording on a record medium and is reproduced in recent years, 
especially recently The inductive head using the electromagnetic induction of a coil performs record. The compound- 
die magnetic head performed with the magnetoresistance-effect type head using the element which shows the 
magnetic-reluctance (MR) effect (the huge magnetic-reluctance (GMR) effect is also included) that the resistance when 
passing current by the external magnetic field changes reproduction is used increasingly. 

[0013] Although the magnetic signal written in the record medium is read in the compound-die magnetic head using 
the magnetoresistance effect, in case this reading is performed, a reproduction wave may be distorted, or a noise which 
is called Barkhausen noise occurs, and a reproduction error may be caused. And the influence of the stress to the 
element (MR thin film) which shows the MR effect is mentioned as one of the cause of this. If stress exists, the 
anisotropy energy Ku of stress induction will occur, and it influences towards the magnetization in MR thin film, and 
magnetic properties change, consequently this is considered to cause generating of waveform distortion and a noise, 
when the magnetostriction constant 1 is the film of non-zero (1!=0). In the case of the stress sigma of one shaft, the 
stress induction magnetic-anisotropy energy Ku is Ku=3/21ambdasigma. (1) It can express. 
In the case of the general stress state of three shafts, the difference (sigma l-sigma2) of the principal stress in a film 
surface influences, and when it is principal-stress-difference zero (sigmal-sigma2=0), it is set to Ku=0. However, it is 
one of the causes by which it turns out that principal stress difference has arisen, and this causes waveform distortion 
and noise generating in MR thin film as a result of the finite element method by 3 dimensional models which simulated 
an experiment and the compound-die magnetic head. 

[0014] The mechanism of principal-stress-difference generating is as follows. Although the compound-die magnetic 
head is constituted by many thin films, it is the purpose which protects the film which constitutes these heads, and the 
protective coat is attached. Usually, although this protective coat is thickly attached as compared with other films, it 
has compressive intrinsic stress. With the intrinsic stress of this compression, the force of bending joins the whole head 
and the compressive force joins MR film in the direction of thickness. Although MR film tends to expand in the 
direction perpendicular to the direction of thickness as a result, since the field which faces a record medium is a free 
surface, in the direction perpendicular to this field, it expands comparatively freely. However, since there is an 
electrode etc. in the direction parallel to this field, the deformation is restrained and the compressive force commits 
MR film. Therefore, a difference arises in the stress of a direction perpendicular to the field which faces a record 
medium, and the stress of a direction parallel to this field, and it becomes principal stress difference. 
[0015] The principal stress difference produced in MR thin film is calculable as follows with the intrinsic stress of a 
protective coat. A protective coat is considered to be a beam with thickness h like drawin g 2 , a width of face [ b ], and 
a length of 21., and transfer of the force by bending of the beam is considered. 21. is the length of a protective coat of a 
direction perpendicular to the field which faces a record medium here. Supposing it considers bending at the time of 
separating this beam from a head and holding to a simple substance and the variation rate of the length direction of a 
soffit is restrained, the beam with the compressive intrinsic stress sigma becomes stress distribution like drawing 3 , as 
shown in drawing 2 , will produce bending of the maximum deflection d and will be in equilibrium. The moment M 
required to produce this bending is the formal shell of strength of materials, and M=(bh 2/6) |sigma|. It is set to (2). 
The maximum deflection d by this moment M is searched for from the following two formulas. 
M=EI/rho (3) 

Here, E is [ the secondary cross-section moment (=bh 3/12) and r of Young's modulus and I ] radius of curvatures. 
Delta=l 2/2rho (4) 

In fact, since this bending is restrained with the whole head, the load F of the thickness direction joins the thin film of 
MR. F is the concentrated load F required to return a deflection d to 0, and equivalence (the sense is reverse). This is 
the beam of one end fixation like drawin g 4 , and is equal to the concentrated load F to the free end which produces the 
maximum deflection d. F is called for like the following formula. 
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F=(2 EI/13) delta (5) 

If it thinks that this F has joined MR thin film, stress sigma3 of the thickness direction produced in MR thin film are 
calculable. It is sigma3=F/bHMR, when width of face (width of recording track) of MR thin film is set to b and length 
(or MR height) is set to HMR. (6) 

It comes out. When stress sigmal added in the direction perpendicular to the field (free surface) which faces a record 
medium by this operation of sigma3 is set to 0, stress sigma2 of a direction perpendicular to sigmal and sigma3 are 
sigma2=nusigma3. (7) 

It becomes. However, nu is a Poisson's ratio. Here, both sigma2 and sigma3 are compressive stress, and they take a 
negative value. (2) It can ask for the principal stress difference produced in MR thin film like the following formula 
from - (7) formula. 

sigmal -sigma2= (h2/41HMR) nu|sigma | (8) 

The place sigma which surveyed intrinsic stress of compression of a protective coat = they were about 80 MPa(s). 
Then, in order to estimate more greatly the principal stress difference called for from (8) formulas and to carry out 
evaluation by the side of safety, sigma is estimated a little more greatly and it sets up with sigma=100MPa. Generally, 
although an alumina is used for the material of a protective coat, if material is an alumina, there is more than this [ no ] 
with a bird clapper greatly, and it is desirable. 

[0016] The size of a head is set to 21 =300mm and HMR=lmm, and h= 50mm, then standard record reproducing 
characteristics are obtained in thickness h of a protective coat. In this case, since Poisson's ratio nu of an alumina, then 
an alumina is nu= 0.25 about a protective coat, it will be set to sigma l-sigma2=104Mpa if principal stress difference is 
calculated from (8) formulas. 

[001 7] Drawin g 1 1 is the result of measuring the related dV-H property of Output dV and an external magnetic field H, 
carrying out the load of sigmal -sigma2=245 and three sorts of principal stress difference of 135 and 0. The hysteresis 
as shown in drawing has appeared in the dV-H property at the time of sigmal -sigma2=245 and 135MPa. This 
hysteresis serves as generating of a waveform distortion, a noise, etc. which lead to the reproduction error of a 
magnetic-recording signal. Therefore, there is a possibility that waveform distortion, a noise, etc. may occur, with the 
above-mentioned head in which the principal stress difference of sigmal -si gma2=104MPa near 135MPa exists. 
[001 8] In order to enable it to disregard the influence of the magnetic properties on principal stress difference, it is 
necessary to make principal stress difference into an about [ sigmal -sigma2<10MPa ] small value, and it is nu|sigma 
(h2/41HMR) |<10. (9) 

It is good to set thickness h of a protective coat as a ******** grade. 

[0019] Drawin g 5 shows a magnetic disk unit, and while the thin film magnetic head 23 with which it was equipped so 
that a record medium 1 7 might be countered to the record medium 17 which rotates by the spindle motor 16 at the nose 
of cam of the head support spring 15 driven with a servo 13 and an actuator 14 runs the disk side top of a record 
medium 17, it performs record of a magnetic signal, and reproduction. 

[0020] Record calls the thin film magnetic head using the inductive head performed using the electromagnetic 
induction of a coil compound-die thin film magnetic head (or compound-die magnetic head) using the 
magnetoresistance-effect type head which performs reproduction among the thin film magnetic heads using the 
magnetoresistance effect. 

[0021 ] The appearance of the thin film magnetic head 23 is shown in drawin g 6 , and, as for the thin film magnetic 
head 23, the laminating of many thin films is carried out to the substrate 18 by sputtering etc. The field where the 
magnetoresistance-effect sensor 19 has appeared calls it a surfacing side below in respect of countering with a record 
medium 1 7 and performing record of a magnetic signal, and reproduction. The magnetoresistance-effect type head by 
which a laminating is carried out in the thin film of a large number which contain the magnetoresistance-effect sensor 
19 in the whole surface on a substrate perpendicular to a surfacing side (it is called a head element pattern side below.) 
is formed, the laminating of the inductive head constituted by carrying out the laminating of the thin film of a large 
number which contain the up magnetic film 9 in this magnetoresistance-effect type head further is carried out, and the 
laminating of the protective coat 1 1 is carried out to this inductive head. 

[0022] Head element pattern side appearance is shown in drawin g 7 , further, it is shown near the sensor portion in 
drawing 8 , and an enlarged view is shown for the appearance near the sensor portion of a surfacing side in drawing 9 . 
drawin g 7 setting - a segment — drawing which expanded the cross section by A-B is drawin g 1 The base material 1 
of an alumina is formed in the field in which the head element pattern of the substrate 1 8 of ceramics is formed about 
10mm in thickness. The insulator layer 3 of 1 -2mm and an alumina to this About 0.5mm, [ the lower shield 2 of nickel 
system alloy ] the up shield 4 of nickel system alloy - 2-3mm and the gap film 5 of an alumina - the coil insulation 
films 6, 7, and 8 of about 0.5mm and resist material ~ 3-4mm of each, and the coil of Cu — the laminating of the up 
magnetic film 9 of about 3mm and FeNi is carried out [ 3-4 etc.mm etc. ] for the conductor 12 It is inserted into the 
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lower shield 2 and the up shield 4, and the magnetoresistance-effect sensor 19 for reproduction which consists of a thin 
film of several nm, such as NiFe, - lOnm of numbers is formed. The portion pinched by the lower shield 2 and the up 
shield 4 including the up shield 4, the inductive head for record in the portion pinched by the up magnetic film 9 and 
the lower shield 2, and the up shield 4 including the up shield 4 and the up magnetic film 9 is a magnetoresistance- 
effect type head for reproduction. It is formed so that the protective coat 1 1 of an alumina may fill the above- 
mentioned (9) formulas to an outermost layer of drum. 

[0023] If the size of a head is set to 21 =300mm and HMR=lmm and a protective coat is used as an alumina If 
thickness h of a protective coat is understood [ 15mm or less, then ] are good and protection of magnetic properties and 
an inductive head is also taken into consideration from (9) It is good to set thickness of a protective coat to 10-20 
micrometers, using as 200-300 micrometers length which serves as a perpendicular direction to the field which 
counters 0.5-1 micrometer and a record medium in the length which serves as a perpendicular direction to the field 
which counters the record medium of a magnetoresistance-effect sensor. 

[0024] Furthermore, less than [ 21.=200mm ] and HMR=0.5mm If it miniaturizes, it is more desirable than (9) formulas 
to set thickness of a protective coat to about 9mm and 8- 10mm. 

[0025] Moreover, what is necessary is for the film surface of a protective coat not to be even, and for the place where 
the thickness of a protective coat is the thickest just to define thickness h of a protective coat like drawing 10 , when 
film thickness is not uniform. 
[0026] 

[Effect of the Invention] Since the length of a magnetoresistance-effect sensor was set to 0.5-1 micrometer according 
to this invention, the length of a protective coat was set to 200-300 micrometers and the thickness was set to 10-20 
micrometers, while protecting a head enough, influence of the magnetic properties on a magnetoresistance-effect type 
head can be made small, generating of the reproduction error of a magnetic-recording signal, a noise, etc. can be 
reduced, and reliability can be improved. 

[0027] Moreover, since according to this invention the length of a magnetoresistance-effect sensor was considered as 1 
micrometer of abbreviation and 300 micrometers of abbreviation and its thickness set the length of a protective coat to 
1 0-20 micrometers, while a sufficiently big output is obtained, an inductive head is protected and influence of the 
stress to a magnetoresistance-effect type head can be made small. 

[0028] Furthermore, since according to this invention the length of the magnetoresistance-effect sensor used as the 
reproducing head of the compound-die thin film magnetic head is set to 0.5-1 micrometer, the thickness sets a 
recording head to 9-12 micrometers and 200-300 micrometers and the thickness of those are setting the length of a 
protective coat to 10-20 micrometers, the magnetic disk unit by which generating of the reproduction error of a 
magnetic-recording signal, a noise, etc. was reduced is obtained. 
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